Purpose. Less accommodation was found when human subjects read in blue (peak at about 440 nm) than when they read in red light (above 600 nm; [Kroger & Binder, British Journal of Ophthalmology 84 (2000) 890]). On the other hand, emmetropization in chickens did not appear to compensate for the chromatic defocus (385 nm versus 665 nm; [Rohrer, Schaeffel & Zrenner, Journal of Physiology 449 (1992) 363]). The apparently contradictory result was studied in more detail in humans and chickens.
Introduction
The visual cues by which the visual system controls emmetropization are not fully understood. There is evidence that the retina can determine the sign of imposed defocus (Fischer, McGuire, Schaeffel, & Stell, 1999; Schaeffel & Diether, 1999; Wallman, Winawer, Zhu, & Park, 2000) to control the growth of the underlying sclera (Wallman, 1993) , but the role of accommodation has never been completely worked out (Schaeffel & Howland, 1988; Wildsoet & Schmid, 2001) . Currently, it is assumed that lags in accommodation occur during near work which impose sufficient amounts of defocus on the retina to stimulate myopic eye growth (Gwiazda, Thorn, Bauer, & Held, 1993) . Under-correction of existing myopia or reading with positive lenses should then be beneficial since it would move the image in front of the retina which, in turn, should inhibit axial eye growth (Fulk, Cyert, & Parker, 2000; Leung & Brown, 1999) .
Possible roles of aberrations in the visual control of eye growth
The image processing algorithms used by the retina to distinguish the sign of imposed defocus are currently subject of speculation. Monochromatic aberrations have been studied as they could provide an odd error cue (e.g. Marcos, Moreno-Barriuso, Llorente, Navarro, & Barbero, 2000; Thorn, He, Thorn, Held, & Gwiazda, 2000) . However, there is little experimental evidence at present that they play an important role. Polychromatic aberrations would be very attractive since they provide multiple focal planes at the same time which can be compared to derive directional information.
Effects of chromatic aberration on accommodation and emmetropization
Despite the potential information that could be derived form chromatic aberration, neither the compensation of defocus imposed by spectacle lenses (Rohrer, Schaeffel, & Zrenner, 1992; Schaeffel & Howland, 1991) nor the recovery from induced myopia (Wildsoet, Howland, Falconer, & Dick, 1993) are impaired in quasi-monochromatic light. Therefore, chromatic cues do not seem to be necessary for emmetropization to occur.
The next question is then whether the accommodation or emmetropization system is color-blind. If yes, it could not use polychromatic cues provided by the eye's chromatic aberration to determine the sign of imposed defocus. However, experiments with neutralizing and reverse chromatic aberration provides evidence that this may not be the case (Kruger, Mathews, Katz, Aggarwala, & Nowbotsing, 1997) . This would suggest that accommodation and emmetropization can respond to shifts in the position of the monochromatic focal plane. In fact, Kroger and Wagner (1996) found that raising fish (the blue acara, Aequidens pulcher, Cichlidae) in monochromatic light of different wavelengths produced changes in eye size which matched the changes in focal length expected from longitudinal chromatic aberration. Kroger and Wagner (1996) concluded that all chromatic channels contribute to emmetropization. This is different from results of Rohrer et al. (1992) in the chicken who found that eye growth is insensitive to imposed defocus in the near ultraviolet (385 nm). In a recent study by Kroger and Binder (2000) , accommodation tonus of human subjects reading in monochromatic light was found to vary according to the chromatic aberration function. In the blue, where the focal length is shorter and the eye more myopic, accommodation was more relaxed than in the red. Based on these findings, Kroger and Binder (2000) proposed that children should read in short wavelength light or from paper that reflects preferentially short wavelengths, to reduce myopia progression. However, if the accommodation tonus would, in fact, shift according to the varying focal power at different wavelengths, no change in refractive development is expected because the ''lag of accommodation'' would remain constant at all wavelengths.
In attempt to resolve these contradictions, additional experiments in humans and chickens were performed. In particular, it was tested whether the accommodation lag varies with wavelengths, and whether it could provide a focus error signal to the retina to drive emmetropization.
Material and methods

Human subjects
Five young adults (ages ranging between 22 and 38) served as subjects. All subjects were emmetropic (spherical equivalent between )0.5 and þ1 D, average: þ0:23 AE 0:34 D) and had several diopters of accommodative range. Experiments were performed after the informed consent was obtained. In addition, the study was reviewed and approved by the university ethics commission.
Experimental protocols
To test whether the spectral composition of the ambient illumination affects the accommodation responses, the subjects were asked to read monocularly a text at 3 D distance, printed on white paper. The angular subtense of the letters was 0.2°. The subjects used a chinrest but no bitebar. The text was illuminated by the slide projector with different interference filters in the beam (430, 480, 515, 555, 595, 615 , and 655 nm, each with about 15 nm half bandwidth). The luminance of the text was measured from the position of the subjects' eyes and was about 800 cd. Neutral density (ND) filters were used to adjust the brightness according to the spectral sensitivity function of humans (e.g. Stockman & Sharpe, 2000) . Refractions were determined with the PowerRefractor in its standard version (Choi et al., 2000) . This instrument determines the slopes of the brightness distributions in the pupil (Schaeffel, Wilhelm, & Zrenner, 1993) and converts them into refractive error. Pupils were illuminated from behind by an array of infrared light emitting diodes (LEDs, peak emmision at 850 nm), positioned below a knife edge in the camera aperture. The PowerRefractor in its standard version uses a ''6-armed retinoscope'' with six such arrays to determine the refractions sequentially in the 30°, 90°and 150°pupil meridians (Gekeler, Schaeffel, Howland, & WattamBell, 1997) . Although it uses infrared light, it is calibrated to give correct readings for the white light. Spheres and cylinders were converted into spherical equivalents which were used in the current study.
The sequence by which targets were illuminated with light of different wavelengths was randomized. Three independent measurements were recorded at each wavelength during which the subject looked at a distance to relax accommodation and then refocused at the targets. Each single measurement was already the average of five readings of the PowerRefractor obtained in sequence in a few seconds.
Chickens
One-day-old white leghorn chickens were obtained from a local hatchery in Kirchberg, Germany. They were kept in the animal facilities of the department at a 12/12 h light/dark cycle in white light (lights on from 8 am to 8 pm). Four groups of chickens (two with five chickens and two with six chickens), were used in this study.
High-resolution measurement of refractive state in chickens
The ''PowerRefractor'' was used also to refract chickens. Although the PowerRefractor in its standard version uses a ''6-armed retinoscope'', in the present study the refractions of the chickens were only determined in the vertical meridian. The original feature detector of the PowerRefractor used to locate human pupils in a video frame did not work reliably in young chickens because the pupil had almost no contrast to the iris on the side opposite to the light crescent (Fig. 1) . The set-up and the algorithms were changed as follows: (1) a focal length extender was used to increase the image magnification of the camera lens (focal length now 100 mm), (2) the image processor of the PowerRefractor was reprogrammed to locate only the first Purkinje image and the user had then to adjust the size of a circle on the monitor to match the size of the pupil. To avoid that the calculation of the regression of the brightness profile in the vertical pupil meridian was disturbed by the bright pixels which made up the Purkinje image, these pixels were automatically erased by the program and replaced by the averages from the pixel values left and right of the Purkinje image (Fig. 1) . This procedure ensured that the slopes were smooth and the regressions had high correlation coefficients. To calibrate the refractor, trial lenses were held in front of the chicken eyes and the measured refractions were compared to the refractions expected from the power of the lenses. The calibration provided the following equation: refractive error ½D ¼ slope of brightness profile in pupil Ã 2:28 D þ 3:3 D (n ¼ 12; R ¼ 0:99). If the standard deviation of 10 subsequent measurements was less than 1 D, the program stopped automatically and provided the refraction on the monitor, together with its current standard deviation (see, Fig. 1 ). Since the individual measurements were performed at 25 Hz sampling rate, such averages were obtained in 400 ms. With some practise in aligning the eyes of the hand-held chickens, a large number of measurements could be collected in a minute. The standard deviations from repeated measurements in the same eyes were consistently less than 1 D. This is important since the expected differences in refraction in the present study were very small. Also, the chickens tended to become sleepy after short times so that rapid data collection was necessary.
Cycloplegia was used in one experiment (see below, and Fig. 6 ). It was induced as described by and Schwahn & Schaeffel (1994) , with eye drops containing vecuronium bromide, applied at 5 min intervals over 30 min.
Experimental protocols
To test whether the wavelength of the ambient light has an immediate effect on the refractive state, a slide projector with interference filters in the beam was used to illuminate the wall of the refraction room. It was not determined what the actual fixation targets of the chicken were. We considered this procedure as justified for the following reasons: (1) all reference refractions were collected under the same conditions so that, no matter what the fixation targets were, comparisons Fig. 1 . High-resolution photorefraction in chickens. Using digital video techniques, the brightness profile in the pupil (see arrow, originating from the pixels measured between the two vertical lines in the pupil) is fit by linear regression. The first Purkinje image in the pupil which would disturb the calculation of the regression, is automatically removed by the program. The slopes of the regression were previously correlated to refractive error, using a series of trial lenses. After calibration, refractions could be determined rapidly and with little measurement noise (standard deviations always below 1 D; see refraction and standard deviation in the sample measurement, bottom).
should be valid, (2) chicks have no fovea but an area centralis of about 2 mm linear diameter (Morris, 1982) equivalent to an angular subtense about 20°, (3) accommodation in the chicken is very fast (80 D/s) and very transient (Schaeffel, 1994) . This would make it difficult to judge at which point of the accommodation response trace they had reached their optimal focus. This probably explains also why there are no accommodationresponse functions published for the chicken, although the average amount of accommodation in lens wearing chicks has been quantified (Nau, Wildsoet, & Troilo, 1999) . The refracted eye of the chicken was turned in the direction of the illuminated wall during the measurement. The luminance at the wall was about 350 cd.
Because accommodation is defined as a response to focus at a defined target, the changes in refractions of chicks exposed to different wavelength were not quoted as changes in accommodation. Even though the measured changes in refraction occurred immediately, they are referred to as changes in refractive state and not accommodation. The term tonic accommodation referred to the level of open-loop accommodation in the absense of stimulation, in this case, in the dark.
On day seven post-hatching, refractions of the chicks were determined in white light and the chicks were transferred to a large hemispherical dome which was covered inside with highly reflectant white walls to ensure homogenous illumination. Light was provided by a 250 W slide projector. It entered the dome via a mirror and a diffusor through a hole in its top. Its spectral composition was controlled by two different interference filters: either 615 nm (''red'', half bandwith 15 nm) or 430 nm (''blue'', half bandwith 15 nm). With these filters, a chromatic focus difference of about 1.5 D is expected (Mandelman & Sivak, 1983) . Intensities were controlled by ND gray filters in the beam. The spectral sensitivity function of the chickens provided by Rohrer et al. (1992) was used to select ND filters so that the brightness was similar for the chickens. Red light had to be attenuated by 1.3log units. Animals were kept at a 12/12 h light/dark cycle. During the light period, they were continuously monitored by a radio-transmitting video camera and were manually activated by the experimentator when they tended to sleep (illuminance in the dome: about 5 lux).
One group of five seven day-old chicks was first transferred into the blue for two days and then into the red for another two days. The other group was treated vice versa. After two days of monochromatic light rearing, refractive state was determined again. To remove any accommodation targets, measurements were first done in complete darkness. Subsequently, they were repeated under illumination with the same wavelength in which they were previously reared. Finally, the refractions were repeated in the respective wavelength of the other end of the spectrum.
A second experiment was added to remove possible effects of shifts in tonic accommodation on the measured refractive state. One group of six chicks was raised in blue light and another of six chicks in the red. Subsequently, they were refracted in white light. After this, they were cyclopleged and refracted in white light again.
Unfortunately, measurements with A-scan ultrasound could not be used to support the results of the refractions. The expected changes in refractive state, induced by imposed chromatic defocus, were in the range of 1 D. This is equivalent to a change in axial length of about 60 lm. Inter-individual variability in axial lengths of untreated chickens is about four times as high. Therefore, more than 50 chickens in each group would have been necessary to achieve significance for an assumed change of 60 lm. Only paired comparisons between treated and untreated eyes would have been able to resolve the expecetd small changes but they were not possible because both eyes were exposed to the same environment.
Statistics
The statistical analysis was performed using JMP Version 4.0.0 software (SAS Institute Inc., Cary, NC). Comparisons of refractions of the same eyes under different conditions were done using paired t-tests. Different groups were compared by un-paired t-tests. Actual estimates were compared to hypothesized values by one sample t-tests which provide signifance levels whether a sample is different from a fixed value. A oneway ANOVA test was used to compare several differently treated groups of chickens. This test was then followed by a post hoc t-test which takes multiple testing into account.
Results
Accommodation in humans
Attenuation of light from the long wavelength region of the spectrum reduced the amount of accommodation for a reading target at 3 D distance. Both the individual refractions of the five subjects and the averages are shown in Fig. 2(A), and (B) , respectively. The chromatic aberration functions for humans, normalized to 590 nm as in the two original studies (Bedford & Wyszecki, 1957; Mandelman & Sivak, 1983) , are shown in Fig. 2(A) . Using psychophysical techniques, Bedford and Wyszecki (1957) found 1.75 D difference in focus between 440 and 680 nm (dotted line in Fig. 2(A) 
Refractive states of chickens in different wavelength
In the chickens, the refractions were dependent on the spectral composition of the ambient illumination. Chickens taken from their normal cage environment in white light (age: 14 days) were 1:26 AE 0:54 D more myopic if they were exposed to quasi-monochromatic light of 615 nm than of 430 nm (p ¼ 0:00007, Fig. 3 ; (A) individual data, (B) average data).
The calculated dioptric difference in focus between 470 and 680 nm in the chicken is 1.25 D (Mandelman & Sivak, 1983) . The function can be extrapolated to 430 nm to estimate the focus difference in light produced with the interference filters in the current experiments: it was about 1.5 D, although this may represent a slight underestimation, given the smaller size of the chick eye. The difference in accommodation tonus in the chicks between 430 and 615 nm was 1:26 AE 0:54 D which is not significantly different from the value expected from longitudinal chromatic aberration (n.s., one sample t-test).
Refractive state in chickens after two days in monochromatic light
When the chicks came out of the monochromatic light, they were refracted in complete darkness to remove any accommodation targets. After two days in blue light (430 nm), the first group of chickens had a refraction of þ2:23 AE 0:66 D. They became 1.69 D more myopic during the subsequent rearing period in red light (615 nm) and reached finally a refractive state of 0:54 AE 1:01 D (Fig. 4(A) , individual data, Fig. 4(C) average data). The second group had a refraction of 0:93 AE 0:86 D after two days in red light and became 1.13 D more hyperopic during the subsequent two-day period in the blue light, and reached a refraction of 2:06 AE 0:64 D (Fig. 4(B) , individual data, Fig. 4(D) , average data). All changes in refraction were significant (ANOVA: p < 0:0012, post hoc t-tests: p < 0:05). When Average data (means from all subjects). Relative to the refractions at 655 nm, all subjects were significantly less myopic at wavelength shorter than 590 nm (ANOVA: p < 0:0001, post hoc t-test: p < 0:001). Error bars denote standard deviations from the five subjects. Average data (means from the 10 chickens; significance determined by a paired t-test). Error bars denote standard deviations from the 10 animals. Fig. 4 . Changes in refractive state of chickens reared in monochromatic light for two days. Refractions were performed in complete darkness to remove accommodation targets. Two groups of chicks were used (n ¼ 5 each). One was first reared at 430 nm and then at 615 nm and the other vice versa. Error bars as in Fig. 3. (A) and (B) individual data, (C) and (D) average data. Details on the treatment are given in the figure. All chicks became more myopic after rearing in red light than after rearing in blue light (ANOVA: p < 0:0012, post hoc ttest: p < 0:05). The average difference in refraction was 1:41 AE 1:00 D. Error bars denote standard deviations from five animals. both groups were averaged, chickens were 1:41 AE 1:00 D more hyperopic in the blue light than in the red.
Induced changes in refractive state in chicks that were previously reared in monochromatic light
Chickens were found to have still different refractive states in blue and red light after they came out of the two-day rearing period in monochromatic light. After blue light rearing, they were 0:9 AE 0:59 D more myopic in red light than in the blue light (Fig. 5(A) and (B) ). After two further days in red light, the same chickens became 1:3 AE 1:22 D more myopic in the red than in the blue (Fig. 5(C) and (D) ). The results were similar in the second group. After rearing in the red light, they became 1:2 AE 0:62 D more myopic when measured in the red than in the blue (Fig. 5(E) and (F) ), and after two further days in the blue, they became 0:8 AE 0:78 D more hyperopic in the blue than in the red (Fig. 5(G) and (H) ). In summary, there were always more hyperopic refractions in the blue than in the red (1:04 AE 0:76 D; ANOVA: p < 0:0001; post hoc t-test: p < 0:05), no matter what the previous rearing schedule was.
The changes in refractive state after two days of monochromatic rearing, as measured in the dark (1:41 AE 1:00 D), were not significantly different from the immediate changes that were observed when the animals were exposured to monochromatic illumination for the first time (1:26 AE 0:54 D, n.s.).
Differences in refractive state measured in white light and under cycloplegia
The experiments described above cannot rule out that the observed changes in refraction were only shifts in the open loop tonus of accommodation rather than in static refractive state. Therefore, the experiments were repeated but with the refractions measured in white light, and with and without cycloplegia. Without cycloplegia, the group reared in blue light for two days had a refraction of þ1:75 AE 0:61 D, the group reared in the red had a refraction of þ1:38 AE 0:57 D (Fig. 6) . In contrast to the experiments above, in which the refractions were measured in the dark, this difference was no longer significant. Apparently, the previous shift in refractive state was partially reversed in white light. When the same chicks were cyclopleged and then refracted in white light, the difference became, again, significant (þ3:06 AE 0:45 D versus þ2:49 AE 0:38 D, p ¼ 0:039 unpaired t-test), despite that it was small (delta: 0:57 AE 0:58 D). There was no indication that cycloplegia might have been incomplete since no accommodation response could not elicited upon presentation of a target and the pupils were large and unresponsive. In line with results of a previous study (Schwahn & Schaeffel, 1994) , cycloplegia produced a shift into the hyperopic direction which was significant (þ1.2 D, ANOVA: p < 0:001, post hoc t-test: p < 0:01). Although the shift in cycloplegic refractive state induced by monochromatic rearing, measured in white light, appears smaller than the one measured without cycloplegia in the dark, no significance was reached between both (1:41 AE 1:00 D versus 0:57 AE 0:58 D, n.s.).
Discussion
Using an improved refraction technique, we have resolved small changes in refraction in both humans and chickens that occur in response to changes in the spec- Fig. 3 . Details on the treatment are given in the figure. All chickens showed still a shift in refractive state when they were exposed to the opposite wavelength. However, after they had been in monochromatic light for two days, refractions in complete darkness and in light of the wavelength in which they were previously reared were no longer different from each other. It can still not be proven that the differences in refraction measured in the dark were changes in static refractive state (or eye growth) rather than only shifts in tonic accommodation that showed up in the dark (post hoc ANOVA t-test).
tral composition of the environment. In humans, changes were measured in accommodation, in chickens we found them both in refractive state immediately following the exposure to monochromatic light and, after two days of rearing in monochromatic light, also during refractions in the dark and in white light under cycloplegia. The results show that emmetropization can respond to chromatic shifts in the focal plane and that several photoreceptor classes must contribute to it.
Previous measurements of longitudinal chromatic aberration in the human eye
The magnitude of longitudinal chromatic aberration of the human eye has been measured many times, both with psychophysical or objective optical techniques. There are several studies to determine the amount of chromatic aberration with objective techniques (Charman & Jennings, 1976; Thibos, Bradley, Still, Zhang, & Howarth, 1990) . Marcos, Burns, Moreno-Barriuso, and Navarro (1999) used a double pass technique, and Kruger et al. (1997) used an objective Badal optometer. Kruger et al. (1997) found 1.75 D between 450 and 670 nm which is similar to the amount measured by Bedford and Wyszecki (1957) . Howarth and Bradley (1986) determined 1:82 AE 0:15 D of longitudinal chromatic aberration over a similar wavelength range. Hogan and Gilmartin (1984) and Mandelman and Sivak (1983) claimed larger amounts. Inter-individual variability of chromatic aberration was also different in different studies. Bedford and Wyszecki (1957) observed interindividual differences of about 0.5 D, whereas Marcos et al. (1999) reported that longitudinal chromatic aberration does not show a great amount of inter-subject variability.
Using psychophysical methods, a chromatic aberration of about 2 D was found over the visible range of the spectrum (e.g. Bedford & Wyszecki, 1957; Jenkins, 1963; Howarth & Bradley, 1986) . Millodot and Bobier (1976) have determined the power of a positive lens necessary for subjects to see monochromatic targets in best focus. Accommodation was controlled by objective refraction and was claimed to be stable. The required power of the positive lenses was less in the blue but similar in red and white light. The authors concluded that accommodation lags behind so as to focus only the blue end of the chromatic interval on the retina. In contrast, inspection of Fig. 2 in the present study implies that the subjects were in best focus for red light, measured with a refractor that was calibrated to give the correct refractions for white light. Since the shift in accommodation followed about the chromatic aberration function, the focus was probably similarly good at all wavelengths, except perhaps at 430 nm (see below).
Magnitude of accommodation differences at different wavelengths
It was found that chromatic aberration produces predictable shifts in accommodation in humans and in refractive state in chickens. The largest difference of accommodation in humans caused by chromatic aberration was 0.81 D (between 655 and 480 nm). If the light had shorter wavelength (430 nm), accommodation did not further relax (Fig. 2) . In fact, the accommodation effort seemed to increase again. Some of the subjects claimed that they had difficulties in keeping the letters clear, probably because their ability to focus in blue light was poor. The finding of more accommodation at 430 nm than at 480 nm tends to support the finding of Rucker & Kruger (2001) that the accommodation system has color vision and deliberately lets the blue image be myopic.
Previous studies had shown that some subjects can accommodate using only short wavelenght cones, while others showed a reduced accommodation response (Aggarwala, Nowbotsing, & Kruger, 1995; Fincham, 1951; Kruger & Pola, 1986; Rucker & Kruger, 2001 ).
The differences in accommodation in the present study are slightly larger (0.81 D) than the ones described in the initial study (about 0.6 D, Kroger and Binder (2000) ). However, the filters used in both studies had different transmission characteristics, so that the different responses are not surprising. Different filters are probably also responsible for the differences between the present study and the one by Rohrer et al. (1992) who found no difference in refractive development at 385 nm and at 665 nm.
4.3. Can the refractive changes be explained from the lag of accommodation?
The differences in refraction, measured in the dark after two days of rearing in monochromatic light, were Fig. 6 . Refractions of chickens after two days in monochromatic light, measured in white light both without and with cycloplegia. The startup values refer to the mean of the refractions in the two groups of chickens (n ¼ 6 each) before they were transferred into the monochromatic light. Without cycloplegia, the difference that was previously measured in darkness in another group of chickens (Fig. 4) had largely disappeared. However, under cycloplegia, it was detectable again, although with smaller amplitude and significance (unpaired t-test).
not significantly larger than the initial changes in refraction (1:41 AE 1:00 D versus 1:26 AE 0:54 D, n.s.). This could indicate that the static refractive state had shifted but it can also not exclude that only a shift in tonic accommodation occurred, which was observed in the dark. Further experiments were necessary in which the refractions were determined in white light and without and with cycloplegia. They suggest that there was a true shift in refractive state. It was smaller than expected from the chromatic aberration function and from the previous changes in accommodation. However, it is also unlikely that the changes in refractive state would have become larger if the chicks would have been kept in monochromatic light for longer periods of time. Previous studies with chickens wearing lenses have shown that chickens can easily compensate 4 D of imposed defocus in two days (Schaeffel et al., 1993) .
A current theory of emmetropization (Gwiazda et al., 1993) explains the association of myopia with near work as a result of accommodation errors. It is documented that human subjects tend to accommodate too little when they read (i.e. Charman, 1999) . The resulting ''lag of accommodation'' is assumed to cause an error signal at the retinal level which, in turn, gives rise to a growth signal to the sclera. In the current study on chromatic aberration, a decision cannot be made whether the ''lag of accommodation'' was in the right direction and large enough to explain the changes in refractive state. In the case of the human studies, the variations in accommodation responses appeared to compensate largely for the differences in focus at different wavelengths. This tends to reduce or even eliminate the proposed retinal error signal. In the case of the chickens, the initial shift in refractive state (1:26 AE 0:54 D) appeared to be larger than the changes in refractive state that were measured under cycloplegia, two days after rearing in monochromatic light (0:57 þ 0:58 D), but the difference was not significant.
4.4.
Restriction of the wavelength spectrum as a possible preventive strategy against myopia progression? Kroger and Binder (2000) proposed that reading either in blue light or from paper that reflects preferentially short wavelengths might reduce myopia progression. Like in the present study, they had found that there is less accommodation during reading in blue light. They did not provide evidence that a change in accommodation responses is, in fact, followed by a shift in refractive state. The current study shows that this could happen, at least in the chicken. Similar experiments on monkeys are necessary to permit extrapolations to humans. In any case, it must be expected that the potential effects of blue light would be variable among individuals, depending on the individual accommodation behavior (Rosenfield & Carrel, 2001) . A large variability has also been observed when positive lenses were used during reading to reduce myopia progression (Leung & Brown, 1999; Fulk et al., 2000) . However, it is also possible that other factors than refractivity differences may play a role in the effects of colored paper on accommodation.
